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(54) Dynamic Interference Control in a Wireless Communication Network

(57) A method and apparatus for dynamic interfer-
ence management is disclosed. A frequency channel is
partitioned into a plurality of groups. Two or more groups
are assigned weights reflecting degrees of disadvantage
of a node. Each group is further partitioned into a plurality
of tones. A node experiencing interference determines a

group, selects a tone within the group, and transmits a
wireless signal using the selected tone. A receiving node
receives a plurality of tones including the selected tone,
identifies active tones from the received tones, and de-
termines a response based on the weights of the active
tones.
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Description

BACKGROUND

Field

[0001] This application relates generally to wireless
communication and more specifically, but not exclusive-
ly, to techniques for interference management in wireless
networks.

Background

[0002] In recent years, developers of the numerous
wireless communication systems in place today have
striven to find ways to maximize the integrity of wireless
transmissions over the existing communications links.
Unlike hardwired networks, the atmospheric medium for
transmission of signals in a wireless network creates an
environment where a large number of discrete signals
are simultaneously transmitted, and tend to interfere with
one another. These disparate transmissions often inject
noise and crosstalk into received wireless signals, which
can result in the failed delivery of information, which in
turn may reduce overall network effectiveness.
[0003] The interference problem is exacerbated as the
capacity of wireless networks continues to escalate in
response to the widespread use of more mobile handsets
and other wireless devices. Generally speaking, more
wireless devices in a given area means an increased
overall susceptibility of the devices to interference. Mean-
while, the consumer demand for ever greater wireless
bandwidth remains. At some point, the dual goals of in-
creased capacity and higher bandwidth begin to impose
limitations on network parameters like data throughput,
available transmission power, wireless range, and the
like.
[0004] A variety of techniques have been proposed to
control the impact of interference in wireless communi-
cations. Some wireless systems enable nodes experi-
encing poor signal quality to transmit a specialized mes-
sage to neighboring transmitters, requesting them to tem-
porarily "back off" from transmitting interfering signals.
The benefit of this approach to the overall network, how-
ever, may be limited if the message recipients are not
configured to account for the fact that other nearby nodes
may be experiencing similar or worse interference levels.
[0005] To account for fairness among nodes, one tech-
nique involves the afflicted nodes sending a resource
utilization message (RUM) to transmitting nodes in the
vicinity. The RUM may identify (1) the channels on which
the node is experiencing interference, and (2) a quan-
tized "degree of disadvantage" of the node relative to
other nodes. A RUM receiving node may be configured
to first address the needs of the most disadvantaged
node by reducing its transmit power on a carrier frequen-
cy used by the RUM sender, or by abstaining from trans-
mitting until the interference falls to acceptable levels.

Other affected nodes can be addressed in turn, as their
respective levels of disadvantage relative to each other
vary over time.
[0006] Obscuring the RUM approach is the fact that
many wireless nodes, such as access points and access
terminals in a wireless communication system, do not
necessarily have a priori knowledge of the communica-
tion channels of all nodes in the vicinity. For example,
the interfering transmitters may not have been allocated
network resources to communicate with the affected
nodes, and vice versa. Conventional approaches would
therefore require that these transmitters dedicate further
network resources to coherently detect RUMs from these
nodes. Such approaches are inefficient and tend to dis-
proportionately cannibalize network resources.

SUMMARY

[0007] A summary of sample aspects of the disclosure
follows. It should be understood that any reference to the
term aspects herein may refer to one or more aspects of
the disclosure.
[0008] In one aspect of the disclosure, an apparatus
for wireless communications includes a processing sys-
tem configured to determine a group of tones from a plu-
rality of groups of tones, select a tone in the group, and
transmit a wireless signal using the tone.
[0009] In another aspect of the disclosure, an appara-
tus for wireless communications includes means for de-
termining a group of tones from a plurality of groups of
tones, means for selecting a tone in the group, and means
for transmitting a wireless signal using the tone.
[0010] In another aspect of the disclosure, an appara-
tus for wireless communications includes a processing
system configured to receive a plurality of tones, identify
as active tones the received tones that comprise a meas-
ure of energy satisfying a condition, identify a group for
each active tone, each group comprising a weight, and
determine a response based on the weights of the active
tones.
[0011] In yet another aspect of the disclosure, an ap-
paratus includes means for receiving a plurality of tones,
means for identifying as active tones the received tones
that comprise a measure of energy satisfying a condition,
means for identifying a group for each active tone, each
group comprising a weight, and means for determining
a response based on the weights of the active tones.
[0012] In a further aspect of the disclosure, an access
point includes an antenna, a transmitter configured to
transmit wireless signals on the antenna, and a process-
ing system configured to determine a group of tones from
a plurality of groups of tones, select a tone in the group,
and transmit from the transmitter the wireless signal us-
ing the tone.
[0013] In still a further aspect of the disclosure, an ac-
cess point includes an antenna, a receiver configured to
receive a plurality of tones, and a processing system con-
figured to identify as active tones the received tones that
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comprise a measure of energy satisfying a condition,
identify a group for each active tone, each group com-
prising a weight, and determine a response based on the
weights of the active tones.
[0014] In yet another aspect of the disclosure, an ac-
cess terminal includes an antenna, a screen for providing
a user interface, one or more input keys for displaying
symbols on the screen, and a processing system config-
ured to determine a group of tones from a plurality of
groups of tones, select a tone in the group, and transmit
from the antenna a wireless signal using the tone.
[0015] In still another aspect of the disclosure, an ac-
cess terminal includes a screen for providing a user in-
terface, one or more input keys for displaying symbols
on the screen, a receiver configured to receive a plurality
of tones, and a processing system configured to identify
as active tones the received tones that comprise a meas-
ure of energy satisfying a condition, identify a group for
each active tone, each group comprising a weight, and
determine a response based on the weights of the active
tones.
[0016] In still another aspect of the disclosure, a meth-
od of wireless communications includes determining a
group of tones from a plurality of groups of tones, select-
ing a tone in the group, and transmitting a wireless signal
using the tone.
[0017] In yet a further aspect of the disclosure, a meth-
od of wireless communications includes receiving a plu-
rality of tones, identifying as active tones the received
tones that comprise a measure of energy satisfying a
condition, identifying a group for each active tone, each
group comprising a weight, and determining a response
based on the weights of the active tones.
[0018] In yet another aspect of the invention, a com-
puter-program product comprising a machine-readable
medium includes instructions executable by a machine
for performing a method of wireless communications, the
instructions configured when run to determine a group
of tones from a plurality of groups of tones, select a tone
in the group, and transmit a wireless signal using the tone.
[0019] In a further aspect of the invention, a computer-
program product comprising a machine-readable medi-
um includes instructions executable by a machine for per-
forming a method of wireless communications, the in-
structions configured when run to receive a plurality of
tones, identify as active tones the received tones that
comprise a measure of energy satisfying a condition,
identify a group for each active tone, each group com-
prising a weight, and determine a response based on the
weights of the active tones.
[0020] It is understood that other aspects of the inven-
tion will become readily apparent to those skilled in the
art from the following detailed description, wherein vari-
ous aspects of the invention are shown and described
by way of illustration. As will be realized, the invention is
capable of other and different configurations and imple-
mentations and its several details are capable of modifi-
cation in various other respects, all without departing

from the scope of this disclosure. Accordingly, the draw-
ings and detailed description are to be regarded as illus-
trative in nature and not as restrictive.

DESCRIPTION OF THE DRAWINGS

[0021] These and other sample aspects of the disclo-
sure will be described in the detailed description and the
appended claims that follow, and in the accompanying
drawings, wherein:
[0022] FIG. 1 is a simplified diagram of several sample
aspects of a wireless communication system;
[0023] FIG. 2A is a simplified diagram of sample traffic
flows in a network of wireless nodes;
[0024] FIG. 2B is a simplified diagram of several sam-
ple aspects of designation of timeslot usage;
[0025] FIG. 3 is an illustration of a timeslot;
[0026] FIG. 4 is an illustration of a timeslot including
RUM tones;
[0027] FIG. 5 is an illustration of multiple frequency
channels;
[0028] FIG. 6 is a simplified diagram of a wireless net-
work in which RUMs are sent;
[0029] FIG. 7 is a simplified diagram of sequential
timeslots during which control information and data are
exchanged;
[0030] FIG. 8 is a simplified flow diagram illustrating a
node sending a RUM;
[0031] FIG. 9 is a simplified flow diagram illustrating a
node receiving RUMs;
[0032] FIG. 10 is a conceptual diagram of a frequency
band segregated into groups of tones;
[0033] FIG. 11 is a simplified block diagram of several
sample aspects of wireless devices adapted to send and
receive RUMs;
[0034] FIG. 12 is a conceptual flow diagram illustrating
a node sending a RUM;
[0035] FIG. 13 is a conceptual flow diagram illustrating
a node receiving RUMs;
[0036] FIG. 14 is a conceptual flow diagram illustrating
the ordering of tones;
[0037] FIG. 15 is a simplified block diagram of several
sample aspects of communication components; and
[0038] FIG. 16 is a simplified block diagram of several
sample aspects of an apparatus configured to designate
timeslot usage as taught herein.
[0039] FIG. 17 is a block diagram of a set of modules
for transmitting a wireless signal on a selected tone.
[0040] FIG. 18 is a block diagram of a set of modules
for determining a response based on receiving a plurality
of tones.
[0041] In accordance with common practice the vari-
ous features illustrated in the drawings may not be drawn
to scale. Accordingly, the dimensions of the various fea-
tures may be arbitrarily expanded or reduced for clarity.
In addition, some of the drawings may be simplified for
clarity. Thus, the drawings may not depict all of the com-
ponents of a given apparatus (e.g., device) or method.
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Finally, like reference numerals may be used to denote
like features throughout the specification and figures.

DETAILED DESCRIPTION

[0042] Various aspects of the disclosure are described
below. It should be apparent that the teachings herein
may be embodied in a wide variety of forms and that any
specific structure, function, or both being disclosed here-
in is merely representative. Based on the teachings here-
in one skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of
any other aspects and that two or more of these aspects
may be combined in various ways. For example, an ap-
paratus may be implemented or a method may be prac-
ticed using any number of the aspects set forth herein.
In addition, such an apparatus may be implemented or
such a method may be practiced using other structure,
functionality, or structure and functionality in addition to
or other than one or more of the aspects set forth herein.
Furthermore, an aspect may comprise at least one ele-
ment of a claim.
[0043] FIG. 1 illustrates several sample aspects of a
wireless communication system 100. The system 100
includes several wireless nodes, generally designated
as nodes 102 and 104. Node 102B is connected to a
wide area network (WAN) 111. A given node may receive
one or more traffic flows, transmit one or more traffic
flows, or both. For example, each node may comprise at
least one antenna and associated receiver and transmit-
ter components. In the discussion that follows the term
receiving node may be used to refer to a node that is
receiving and the term transmitting node may be used to
refer to a node that is transmitting. Such a reference does
not imply, however, that the node is incapable of per-
forming both transmit and receive operations.
[0044] In some implementations a node may comprise
an access terminal, a relay point, or an access point. For
example, the nodes 102 may comprise access points or
relay points and the nodes 104 may comprise access
terminals. An access terminal may include attributes
such as keys 108 for inputting user commands or dis-
playing symbols and a screen 106 for providing a user
interface for displaying the symbols. In a typical imple-
mentation the access points 102 provide connectivity for
a network (e.g., a Wi-Fi network, a cellular network, a
WiMax network, a wide area network such as the Internet,
and so on). A relay point 102 may provide connectivity
to another relay point or to an access point. For example,
when an access terminal (e.g., access terminal 104A) is
within a coverage area of a relay point (e.g., relay point
102A) or an access point (e.g., access point 102B), the
access terminal 104A may be able to communicate with
another device connected to the system 100 or some
other network.
[0045] In a wireless communication system such as
the one disclosed in FIG. 1, a node in the network may
communicate with (i.e., send and receive data to) any

associated node. In general, an associated node is any
node in which a communications link has been estab-
lished between the node and another node. The commu-
nications link includes a set of resources that may be
identified by one of the nodes, or by another network
entity configured to allocate network resources according
to a central plan.
[0046] It should be noted that the aspects disclosed
herein discuss tone selection based on Orthogonal Fre-
quency Division Multiplexing (OFDM) signaling, however
other techniques can be utilized with the disclosed as-
pects. In OFDM signaling, each node utilizes one or more
tones to transmit the necessary controlling information
for the data transmission (e.g., request to transmit, grant
to transmit). For example, two nodes initially performing
handshaking to establish a communications link may
reach agreement upon the use of one or more tones
(which may be frequency hopped over time), or upon a
set of rules for determining a tone, wherein the tone is
used for transmitting data or a control indication. One of
the nodes may include, for instance, an access point con-
figured to allocate network resources among a plurality
of nodes. Once a link has been established between the
two nodes, one node can send a request to transmit to
its associated node. The associated node can then reply
with a grant if, for example, the node has the resources
available to accommodate the request to transmit.
[0047] A node having information to transmit to another
node may send a request to one of many types of arbi-
trating nodes for permission to transmit on one or more
available timeslots. When the request is granted, the
node may transmit data or control information, or both,
using the designated timeslots. In a synchronous system,
the node may be configured to transmit information dur-
ing certain timeslots, and to receive information during
other timeslots. Thus, the node may also monitor desig-
nated timeslots for data or control information sent to the
node from another node.
[0048] FIG. 2 illustrates a simplified example of traffic
flows associated with transmit timeslots and receive
timeslots. Referring to FIG. 2A, in this example one flow
of traffic is from a node A (e.g., node 104A in FIG. 1) to
a node B (e.g., node 102A) and then to a node C (e.g.,
node 102B). Each of the nodes A, B, and C are allowed
to transmit or to receive during certain timeslots. For ex-
ample, referring to FIG. 2B, nodes A and C transmit dur-
ing odd numbered timeslots and node B transmits during
even numbered timeslots. Conversely, nodes A and C
receive during even numbered timeslots and node B re-
ceives during odd numbered timeslots. As illustrated by
the relative alignment of the timeslots of FIG. 2B, the
timeslots for the nodes A, B, and C are synchronized.
[0049] In a wireless network environment, a number
of nodes may be transmitting and receiving data at any
given time. A particular node may be synchronized to the
timeslots of one or more other nodes in the vicinity. Es-
pecially in larger networks, it is equally likely that two or
more nodes in the network are not synchronized with
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each other, such that, for example, a node receiving wire-
less data transmissions may also be experiencing inter-
ference from other transmitting nodes that are using the
same carrier frequency to communicate with unrelated
nodes. This interference is often more pronounced in lo-
cations where multiple wireless cells happen to be serv-
icing a large number of wireless devices. In this situation,
many disparate nodes may be simultaneously transmit-
ting and receiving wireless signals using similar or iden-
tical frequencies, generating more signal traffic and cre-
ating more interference.
[0050] Various interference management techniques
may be employed to reduce the possibility of interference
between nodes in a wireless system. The nodes in the
system may transmit control indications that are used to
reduce the amount of interference seen by a given node.
For example, a node that is experiencing interference
when it is trying to receive data from a particular node
may transmit a control indication requesting that other
nodes refrain from transmitting or reduce their transmit
power when the receiving node is receiving data. To this
end, nodes that have data to transmit may be configured
to regularly scan for such control indications from nodes
that are expecting to receive data.
[0051] As mentioned above, in FIG. 2B the timeslots
for nodes A, B, and C are synchronized in that the times-
lots commence and end at the same time. In such an
implementation, a specific period of time within a timeslot
may be designated for the transmission of a control in-
dication. In this case, nodes that have data to transmit
may scan for control indications at the designated period
of time during a timeslot to determine whether any re-
ceiving nodes are requesting transmitting nodes to limit
their transmissions. This method of interference avoid-
ance may be employed across a synchronous system.
That is, any node in the synchronous system may monitor
for control indications at the designated times to readily
determine whether there are any associated or non-as-
sociated receiving nodes that are requesting the trans-
mitting nodes to limit their transmissions.
[0052] A contention scheme may be employed to mit-
igate any interference that wireless transmissions from
a node in a network cause at a neighboring node. For
example, referring again to FIG. 1, the node 104B may
be receiving from the node 102C (as represented by a
wireless communication symbol 110A) at the same time
that a node 102D is transmitting to a node 104C (as rep-
resented by a symbol 110B). Depending on the distance
between the nodes 104B and 102D and the transmission
power of the node 102D, transmissions from the node
102D (as represented by a dashed symbol 110C) may
interfere with reception at the node 104B.
[0053] To reduce such interference, the nodes of a
wireless communication system may employ an inter-
node messaging scheme. For example, when reception
at a node is being interfered with, the quality of service
(QoS) of the received data may decrease. In the event
the quality of service level at the node falls below a de-

sired quality of service level, the node may transmit a
control indication generically referred to herein as a re-
source utilization message ("RUM"). A RUM may be
weighted to indicate not only that a receiving node is dis-
advantaged (e.g., due to the interference it sees while
receiving) and desires a collision avoidance mode of
transmission, but also the degree to which the receiving
node is disadvantaged.
[0054] A transmitting node that receives a RUM may
utilize the fact that it has received a RUM, as well as the
weight thereof, to determine an appropriate response.
For example, if a transmitting node determines that a
non-associated receiving node is more disadvantaged
than a receiving node associated with that transmitting
node, the transmitting node may elect to abstain from
transmitting for a designated period of time, in order to
allow the non-associated receiving node a clearer chan-
nel upon which to receive communications. Alternatively,
the transmitting node may reduce its transmit power dur-
ing one or more designated timeslots to avoid interfering
with the non-associated receiving node.
[0055] In the event the transmitting node determines
that its own associated receiving node is more disadvan-
taged than any other receiving nodes that sent RUMs,
the transmitting node may be configured to ignore the
RUMs from the non-associated nodes. In this case, the
transmitting node may elect to proceed to transmit to its
associated node during the next available timeslot.
[0056] The advertisement of the RUMs and associated
weights may thus provide a collision avoidance scheme
that is fair to all nodes in the system. Here, nodes that
have data to transmit may scan for control indications at
the designated period of time during a timeslot to deter-
mine whether any receiving nodes are requesting trans-
mitting nodes to limit their transmissions. This method of
interference avoidance may be employed across a syn-
chronous system. That is, any node in the synchronous
system may monitor for control indications at the desig-
nated times to readily determine whether there are any
associated or non-associated receiving nodes that are
requesting the transmitting nodes to limit their transmis-
sions.
[0057] FIG. 3A illustrates a sample timeslot structure.
As mentioned above, the timeslots for two or more nodes
in a wireless network may be synchronized. In such an
implementation, specific periods of time may be desig-
nated within each timeslot for the transmission of data
information, and the transmission of control information.
Timeslot 300 of duration TSLOT is shown. Timeslot 300
may be used for forward link traffic (e.g., traffic flows from
an access point or relay point to an access terminal) or
reverse link traffic (e.g., traffic flows from an access ter-
minal to an access point or relay point). In this aspect,
timeslot 300 has a data period 302 of duration TD1 during
which data may be transmitted. Timeslot 300 also has
two control portions 304 and 306 having respective du-
rations TC1 and TC2. Control information may be sent in
control portions 304 and 306. For example, a node ex-
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periencing interference may transmit a RUM during con-
trol portion 304. A node may transmit other control signals
(e.g., a request to transmit, a grant, an acknowledge-
ment, a negative acknowledgement, etc.) and/or a pilot
signal during control portion 306.
[0058] In practice, the format of a timeslot 300 typically
varies depending on the network implementation. It
should be appreciated that the sizes of the data and con-
trol portions in FIG. 3 are merely representative. The siz-
es of the data portions may be significantly larger than
the sizes of the control portions. Further, the timeslot may
include multiple data slots, multiple control slots, or other
variations. In other aspects, the timeslots for the forward
and reverse links may use a different format.
[0059] The timeslot 300 is generally part of a sequence
of similar or identical timeslots that may be shared among
multiple nodes in a wireless communication system using
time division multiplexing techniques. In such a system,
the nodes may be allocated data and/or control slots at
different times as discussed above. In one aspect, each
node may be allocated a separate timeslot. Timeslots
may be assigned to different nodes over time by an ar-
bitrating entity using a contention scheme or another set
of rules for allocating shared resources among the mul-
tiple nodes.
[0060] The control portions of the timeslot 300 may be
used, for example, in a system that employs a request-
grant timeslot transmission control scheme whereby
each node may send a message to its associated receiv-
er to request to transmit during an upcoming timeslot.
For example, two nodes may be associated with one an-
other whereby a first node is configured to transmit during
odd timeslots while a second node is initially configured
to transmit during even numbered timeslots. In the event
the first node wishes to send data to the second node in
a particular timeslot, the first node may listen to a control
channel or an allocated RUM channel during earlier
timeslots to determine, for example, whether any other
nodes are contending for that particular timeslot.
[0061] Other types of implementations use additional
multiplexing schemes for the transmitting and receiving
wireless data. For many wireless networks, frequency
division multiple access (FDMA) is used to allocate dis-
crete carrier frequencies to different nodes. In addition,
network infrastructures involving spread spectrum com-
munications typically employ multiple code channels us-
ing code division multiple access (CDMA) techniques.
Further, various network implementations may use a
combination of different multiplexing techniques to in-
crease system capacity or maximize network perform-
ance.
[0062] A given tone may be of any duration, and the
duration of the tones may be fixed or varied depending
on the implementation. In one configuration, a tone may
comprise a portion of a timeslot structure, such as control
portion 304 of timeslot 300. The prescribed duration of
any given tone may vary widely depending on the aspect,
and may be dependent on the type of signal being trans-

mitted (e.g., data versus control indication, etc.).
[0063] FIG. 4 shows an example of two tones in times-
lot 400 used on a frequency channel fC. In the example
shown, NODE 1 (such as access terminal 104A of FIG.
1) transmits a first resource utilization message RUM 1,
and NODE 2 (such as access terminal 104B of FIG. 1)
transmits a second resource utilization message RUM
2. In this example, RUM 1 and RUM 2 are transmitted
simultaneously in the RUM portion 404 of timeslot 300
during the time TC1, although other configurations may
use different timeslot formats. In one configuration, de-
scribed below, the frequency channel fC is partitioned
into a plurality of tones whereby transmitting nodes can
send signals on different tones and receiving nodes can
differentiate signals received on different tones.
[0064] In other configurations, data and other control
signals may also be divided into sets of tones, allowing
networked nodes to send and receive multiple simulta-
neous tones comprising data or control indications
across a channel of frequency fc. Data and control may
also be mixed, wherein control tones for one pair of nodes
may be data tones for another pair.
[0065] FIG. 5 depicts a time-frequency diagram of four
frequency bands 502a-d respectively associated with
carrier frequencies C1, C2, C3, and C4, which are further
partitioned into timeslots 500. In this example, each fre-
quency band 502a-d has a bandwidth of 5 MHz. On each
frequency band 502, a timeslot 500 defines a first portion
of the slot 502a-d dedicated for the transmission of data,
a second portion of the slot 506a-d dedicated for the
transmission of RUMs, and a third portion of the slot
508a-d dedicated for the transmission of other control
signals, or for pilot signals.
[0066] The channel allocation format of FIG. 5 may be
used for providing multiple access to communications
channels for one or more access points, access termi-
nals, or other nodes in a wireless network. The diagram
in FIG. 5 is merely illustrative. In a practical system, the
specific manner in which each frequency band is parti-
tioned may vary greatly, and the structure and number
of the timeslots may differ.
[0067] Within each carrier frequency C1 - C4, tones
may be transmitted and received by multiple nodes in
the network. Nodes requesting network bandwidth may
be allocated one or more timeslots and frequencies to
transmit and receive data and control information in the
manner described above. Data may be transmitted in
timeslots 502a, 502b, 502c, or 502d. Within each of the
frequency bands C1 through C4, the data may be trans-
mitted and received as tones (not shown) such that a
plurality of nodes may simultaneously use the bandwidth
of each of these frequency channels to send and receive
data.
[0068] Blocks 506a-d are designated as RUM chan-
nels. Individual nodes can transmit RUMs on specific
tones within these blocks. For example, in the designated
RUM period defined by block 506a on carrier C1, node
N1 transmits a RUM ("R") using the tone 510. Within this
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same carrier C1, one or more additional nodes may also
transmit RUMs on other tones. In time period 506d on
carrier C4, node N5 transmits a RUM using the tone 519.
[0069] Control information and pilot signals may be
sent in control slots 508a-d. In control slot 508b on carrier
C2, node N2 transmits a grant signal ("G") (for example,
in response to a request to transmit) 512, which in prac-
tice may comprise a group of tones. In control slot 508c
on carrier C3, node N3 sends a request to transmit ("Re")
514. In control slot 508d, node 4 sends a pilot signal ("P")
using groups of tones 516 and 518 for frequency diver-
sity. In one configuration, the channel format illustrated
in FIG. 5 is used for both the forward link and the reverse
link. In other cases, the forward and reverse links may
use separate formats.
[0070] FIG. 6 shows a conceptual diagram of a wire-
less network 600 that implements a RUM-based interfer-
ence management scheme. The network 600 includes a
plurality of nodes T1, R2, T3, T4, T5, R6, R7 and R8. In
the example shown, node T1 has data to transmit to an
associated node R2. Node R2, however, is experiencing
an unacceptably low quality of service due primarily to
transmissions from the neighboring non-associated
nodes T3, T4, and T5.
[0071] As a result, R2 sends a RUM (illustrated by
602a) using a predetermined tone in a carrier frequency
on which R2 is experiencing the interference. As dis-
cussed further below, the group upon which the RUM is
transmitted enables the receiver to determine the relative
degree of disadvantage that R2 is experiencing. R6, R7
and R8 may also send out RUMs (602b-d) on the same
carrier frequency using the appropriate tones. These
RUMs contain the respective degrees of disadvantage
experienced by R6, R7 and R8.
[0072] A degree of disadvantage may be considered
in one aspect to be a relative measure of degradation of
signal quality experienced by a node either as a result
of, or as affected at least in part by, interference from
neighboring transmissions. The degree of disadvantage
may be expressed in the form of a weight that is indicative,
for example, of one or more of the following: (1) a quan-
tized information throughput relative to some acceptable
or desired throughput, (2) a carrier-to-interference ratio
(C/I), (3) a spectral efficiency, (4) a latency, (5) a data
rate, (6) a traffic class, (7) an interference over thermal
noise (IOT), (8) some other quality of service measure-
ment, and/or (9) any type of measurement (or relative
measurement) that is at least partly indicative of the qual-
ity of one or more received signals or of the degradation
of signal quality due to (or as affected by) the presence
of interfering transmissions.
[0073] Nodes T1, T3, T4, and T5 consider all received
RUMs, and compare the advertised weights of the RUMs
to the weights of RUM(s) sent by their associated nodes.
For example, node T1 receives the RUMs transmitted
from nodes R6, R7, and R8, considers the respective
weights of those RUMs, and compares those weights to
the weight of the RUM transmitted by its associated node

R2. In this example, a weight associated with one RUM
may be higher than, lower than, or the same as that as-
sociated with another RUM. For purposes of this exam-
ple, a higher weight corresponds to a node being more
disadvantaged, while a lower weight corresponds to a
node being less disadvantaged. As a practical matter,
whether a "higher" or "lower" weight is considered to con-
vey a more disadvantaged state or a less disadvantaged
state is a matter of nomenclature.
[0074] In this case, T1, T3, T4, and T5 each determine
that the RUM associated with R2 has the highest weight,
indicating the highest degree of disadvantage. Thus, T1
is said to be the "winning" node, because T1 is associated
with R2 and has data to transmit to R2. T1 thereupon
sends a request to transmit ("REQ") to node R2 along
with a message conveying that T1 is the winning node
to signal R2 to grant the request to receive data.
[0075] Meanwhile, node T3 determines that, based on
the weights of the RUM and the received signal quality
of node R2, an appropriate response would be to "back
off" - i.e., to abstain from transmitting wireless signals
(such as "REQ") on the affected carrier for a designated
time or number of timeslots, even where, as here, the
node otherwise has data to send to an associated node
R8. In this example, node T3 is said to be "blocked" be-
cause it is configured to defer transmitting a "REQ" to R8
until the interference at R2 is alleviated and/or R8 be-
comes sufficiently disadvantaged. A similar procedure
may be followed with respect to nodes T4 and T5, assum-
ing that they otherwise have data or other wireless signals
to transmit to one or more other associated nodes using
the same carrier.
[0076] This procedure repeats as new RUMs are sent
out during subsequent RUM tones. Over time, the weight
of R2 may progressively decrease as a result of the in-
creased data throughput accorded by its transmission of
prior RUMs and the associated backing off of transmitter
T3 (and possibly T4 and T5). Meanwhile, the weights of
one or more of R6, R7, and R8 may increase. For exam-
ple, R8 may be considered to have a lower data through-
put since T3 backed off in response to the RUM sent by
R2. Eventually, if R8 is sufficiently disadvantaged, R8
may send a RUM using a weight deemed to be the highest
weight to which other transmitting nodes will defer. Also,
at some point node T1 may begin to back off over time
based on RUMs received from non-associated nodes R6,
R7 and R8.
[0077] This method promotes inter-node fairness by
giving different nodes over time the ability to receive data
with a satisfactory quality of service, and by according
priority to nodes that are severely disadvantaged. In one
configuration, the measured weight may also include oth-
er factors, such as a priority level of a transmitter, a priority
level of a particular data stream, a system override, and
the like.
[0078] In other configurations, the RUM weight and the
nodes’ responses thereto may be overridden when war-
ranted by these or similar factors. Allowing for such an
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override in certain circumstances can result in high pri-
ority transmissions not being interrupted based on an
artificially rigid adoption of the RUM protocol set forth
above.
[0079] FIG. 7 is a simplified diagram of sequential
timeslots during which control information and data be-
tween a transmitting node and an associated disadvan-
taged node are exchanged. In the example of FIG. 7,
each of the timeslots includes data portions (e.g., por-
tions 706A - 706C) and control portions (e.g., portions
708, 710, and 712). The control portions may be used,
for example, in a system that employs a request-grant
timeslot transmission control scheme whereby each
node may send a message to its associated receiver to
request to transmit during an upcoming timeslot.
[0080] Referring back to FIG. 1, the nodes 102D and
104B may be associated with one another whereby the
node 102D is initially configured to transmit during odd
timeslots (e.g., timeslot set 702), while the device 104B
is initially configured to transmit during even numbered
timeslots (e.g., timeslot set 704). In the event the node
102D has data to transmit to the node 104B, the node
102D may listen to a control channel (e.g., RUM portion
708) during timeslot 1 to determine, for example, whether
any other nodes are contending for timeslot 4.
[0081] If node 104B is experiencing poor signal quality
(such as a low quantified data throughput, a high bit-error
rate, etc.), node 104B may transmit a RUM during the
RUM portion 708 of timeslot 1. In this example, the RUM
transmitted by node 104B has the highest weight of any
RUM that is transmitted in timeslot 1.
[0082] Meanwhile, the node 102D may determine that
it can transmit during timeslot 4. The determination may
be based on the fact that no RUMs from other nodes
were sent or on the fact that the RUM sent from node
104B has a higher weight than any other RUMs sent in
the same timeslot. Upon making this determination, the
node 102D sends a corresponding request ("REQ") to
transmit via a control channel (e.g., control portion 714)
during timeslot 2. In accordance with one implementation
of the RUM-based scheme discussed above, other
neighboring transmitting nodes may not send a request
to transmit during timeslot 2, because their associated
receiving nodes are less disadvantaged than node 104B.
[0083] A request may take various forms. For example,
as noted above, a request may include information re-
garding the timeslot during which data is to be transmitted
(e.g., timeslot 4), and information regarding the data that
is to be sent (e.g., the type of data and quality of service
expectations, transmission rate information, transmit
power, and so on). In addition, a pilot signal ("PLT") may
be transmitted in conjunction with a request. The pilot
signal may be transmitted at a known power spectral den-
sity or power level. In this way, upon receipt of the request
and the pilot signal, node 104B may determine appropri-
ate transmission parameters for the data transmission
during timeslot 4 (e.g., based on a carrier-to-interference
ratio derived from the pilot). Such parameters may in-

clude, for example, data transmission rate, modulation
and coding.
[0084] Thereupon, node 104B may generate a grant
message including these parameters and transmit the
grant message via a control channel (e.g., control portion
716) during timeslot 3.
[0085] Upon reception of the grant, node 102D may
format the data to be transmitted according to the des-
ignated transmission parameters. Node 102D may then
transmit the data during the data portions of timeslot 4.
The receiving node 104B may then acknowledge receipt
of the data by sending an appropriate control message
during timeslot 5, not shown (e.g., during a control portion
corresponding to portion 712 shown in timeslot 1).
[0086] It should be appreciated that the above request-
grant scheme may be implemented as a sliding cycle so
that data may be transmitted during every transmit times-
lot. For example, the device 102D may issue a request
during timeslot 4 to transmit data during timeslot 6 (not
shown), and so on. In a similar manner, for the reverse
link, the device 104B may issues requests during times-
lots 1 and 3 to transmit data during timeslots 3 and 5,
respectively, and so on. In other aspects, data may be
transmitted and received in different timeslots other than
even and odd timeslots.
[0087] As shown in FIG. 8, the decision of a node to
transmit a RUM may involve first determining that a node
is experiencing poor quality of service as a result of ex-
cessive signal interference (step 802). If the node is ex-
periencing a poor quality of service based on, for exam-
ple, one of the measures outlined above to quantify de-
graded signal reception, then the node transmits a RUM
on a pre-selected tone to all transmitters in the vicinity
(step 804). In an aspect, the RUM may be transmitted
over the carrier frequency in which the interference is
present, although this is not required.
[0088] FIG. 9 shows a flow diagram of the illustrative
steps performed by a node receiving one or more RUMs.
The node receives the RUMs on one of the carriers (step
902) in the form of one or more tones on the carrier, each
tone generally corresponding to a single RUM. In one
aspect discussed in connection with FIG. 13, below, the
receiving node determines that a RUM has been received
when it receives an active tone, i.e. a received tone hav-
ing an energy level that meets or exceeds some estab-
lished threshold. The threshold is generally some quan-
tified minimum measure of energy established in order
to probabilistically avoid interpreting extraneous noise or
interference as a received tone.
[0089] After comparing the relative weights of the
RUMs, the receiving node identifies at least one priority
RUM (step 903) having the highest weight of all RUMs
sent during a specified period of time. The receiving node
next determines whether the priority RUM was sent from
an associated node (step 904). If yes, the RUM receiving
node flags the resources for which the RUM was received
as authorized resources upon which the RUM receiving
node is permitted to send requests to transmit (step 906).
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Conversely, if the priority RUM is not from an associated
node, the receiving node in one aspect measures the
signal strength of the priority RUM (step 908) and esti-
mates the channel gain to the priority RUM sender based
on the measured RUM signal strength (step 910).
[0090] The channel gain is used in one aspect to de-
termine an appropriate response to the RUMs. In partic-
ular, the RUM receiving node may use the channel gain
to determine whether transmitting a signal on the affected
resource would result in an unacceptably low signal re-
ception quality due to the interference (step 912). This
determination may involve comparing the channel gain
to a threshold value. If this comparison reveals that an
ensuing transmission by the RUM receiving node would
likely cause excessive interference to the node that trans-
mitted the priority RUM, then the RUM receiving node
may elect to abstain altogether from transmitting a signal,
e.g., for some determined n number of timeslots (step
916).
[0091] Alternatively, if transmission is possible at a
lower transmit power without unduly interfering with other
wireless signals sent to the priority RUM sender, then
the receiving node may in one aspect proceed to transmit
the anticipated "REQ" (or other signal transmission) to
another node using the reduced transmit power. In one
aspect, the selected transmission power is based in part
on the signal strength of the priority RUM (step 914).
[0092] As an illustration, the RUM receiving node may
have data to transmit to one of its associated nodes. It
is assumed that the RUM receiving node has determined
that a minimum transmission power x is necessary to
transmit a request "REQ" to another node (e.g., an as-
sociated node that did not transmit the priority tone) at
some minimum expected bit-error rate. Additionally it is
assumed that the RUM receiving node calculates a max-
imum power level y that can be used to transmit a signal
on the applicable carrier without causing the QoS of the
priority RUM sender(s) to fall below some designated
threshold of acceptability. The calculation of y may be
based at least in part on the signal strength of the received
RUM. With these assumptions, it can be determined that
the receiving node may proceed to transmit a subsequent
request to its associated node (in spite of the priority
RUM) at the reduced power level x provided that y ≥ x.
Otherwise, if y ≤ x, the RUM receiving node abstains from
transmitting for a time to avoid unduly causing the QoS
of the priority RUM sender to deteriorate.
[0093] Various aspects and configurations are possi-
ble using the above illustrative protocol. In one aspect,
RUM receiving nodes on the network identify a priority
RUM in the manner discussed above, and simply refrain,
without making further determinations, from transmitting
for n timeslots to accommodate the priority RUM sender’s
need for increased signal reception quality.
[0094] In other aspects, more than one priority RUM
may be identified. Such may be the case where (1) more
than one node transmits a RUM associated with the same
weight, or (2) two or more non-associated node have

weights higher than the highest-weighted associated
node. These instances may be handled differently, de-
pending on the situation. In one aspect, discussed more
fully below, certain nodes are ordered in levels of relative
priority at a more granular level in addition to the ordering
by relative weight. In other cases, the RUM receiver may
decide randomly, or based on some system criteria,
which of the priority RUM senders gets preferential treat-
ment first.
[0095] To implement the interference management
protocols described above, the RUM receiving nodes
must be capable of recognizing RUMs transmitted not
only from their associated nodes, but also from non-as-
sociated nodes in the vicinity that may be affected by
interference resulting from the use of common carrier
frequencies. Conventionally, this capability would neces-
sitate full channel estimation for RUM signals received
by all nodes (whether or not associated), and coherent
detection of the information contained in the RUM sig-
nals. The requirement of coherent detection may include
procedures like demodulation of the RUM signal as well
as descrambling, decoding, and data extraction, and pos-
sibly other types of processing.
[0096] To accomplish coherent detection of RUM sig-
nals from non-affiliated nodes, a RUM receiver would
likely need to allocate additional resources for this pur-
pose, including additional processing power and band-
width to receive and process the RUMs. In short, requir-
ing full channel estimation and coherent detection of sig-
nals by the RUM receiver for all nodes (whether or not
associated) would likely stand to add yet additional con-
straints on the already taxed resources of wireless sys-
tems.
[0097] Accordingly, in one aspect, a method and ap-
paratus for receiving RUMs corresponding to different
groups within a carrier frequency is shown. A frequency
band for sending and receiving wireless communications
is partitioned into tones as discussed above. A plurality
of groups are defined, each group comprising a plurality
of tones. Each group is associated with and corresponds
to a particular weight. A first node in the network estab-
lishes a communications link with a second node. A tone
may be determined for transmitting a RUM from the sec-
ond node to the first node at a particular time using a
particular channel. Each tone has a weight, as deter-
mined by the group in which the RUM is transmitted. In
one aspect, a tone in one group is mapped to a corre-
sponding tone in each other group as described below.
[0098] FIG. 10 is a time-frequency diagram 1000
showing an exemplary mapping of groups and tones in
a communication system using four frequency bands
CARRIER 1, CARRIER 2, CARRIER 3, and CARRIER
4. Frequency is represented on the vertical axis, and time
on the horizontal axis as shown. A total bandwidth of 20
MHz is assumed, with each carrier occupying 5 MHz. In
accordance with one aspect, each of the carriers is sub-
divided into groups of tones, as shown explicitly relative
to CARRIER 2. In this illustration, each carrier is parti-
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tioned into sixteen groups referred to as GROUP 0
through GROUP 15. Guard bands 1004 may be situated
between the groups, to minimize both inter-group and
inter-carrier signal interference. In one aspect, each of
the frequency bands CARRIER 1, CARRIER 3, and CAR-
RIER 4 are likewise partitioned into sixteen correspond-
ing groups GROUP 0 through GROUP 15.
[0099] In the illustrated aspect, 512 distinct tones are
present within each carrier, and 480 of those tones are
available within each carrier for sending RUMs. (The re-
maining tone space is allocated to the guard bands).
Each of the sixteen groups GROUP 0 through GROUP
15 is further divided into 30 tones designated TONE 0
through TONE 29.
[0100] Various modulation techniques may be used to
transmit information using the available tones. In one as-
pect, each of the four carriers uses frequency division
multiple access (FDMA) to send and receive signals on
a selected carrier. Within a particular carrier, orthogonal
frequency division multiplexing (OFDM) may be used to
transmit signals using different tones. OFDM is a digital
modulation technique whereby a carrier is further split
into several narrowband channels (or tones) at different
frequencies.
[0101] Two or more groups may be assigned a distinct
weight. Each RUM signal may then be transmitted using
a tone having a weight. In one aspect, each group is
assigned a different weight. Thus, for example, GROUP
0 is assigned WEIGHT 0, GROUP 1 is assigned WEIGHT
1, and so on. As noted above, the weight corresponds
to a degree of disadvantage of the respective RUM trans-
mitter. When a node sends a RUM, the node sends the
RUM on a particular tone that its associated node will
recognize (discussed below) using the group that corre-
sponds to the intended weight of the tone.
[0102] In the example shown, each of the sixteen
groups includes the same number of tones. In one as-
pect, TONE 0 in GROUP 0 has a corresponding TONE
0 in each of GROUP 1 through GROUP 15, such that a
node using TONE 0 can transmit a RUM on that tone in
any group to show one of 16 possible weights. In other
aspects, each group (or a subset of groups) defined with-
in the carrier may include a different number of tones. In
other aspects, such as those where the tones in a group
do not correspond with those in other groups, two nodes
may agree to use a different tone in each group upon
which to transmit RUMs. In still another aspect, a node
may use two or more tones to transmit a RUM.
[0103] In another aspect, one or more of the groups
are assigned different meanings that may not directly re-
late to the weight of a tone. For example, one or more of
the groups may be assigned a superseding priority value
such that a signal transmitted on a tone in the group is
given priority over the other RUMs sent.
[0104] In the aspect as described relative to FIG. 10,
the information relating to the degree of disadvantage of
a RUM sender is conveyed to the RUM receiver by the
identity of the group in which the RUM is transmitted.

Moreover, as discussed below, the tone upon which the
RUM was transmitted may be used to determine whether
or not the RUM is from an associated node. Thus, in this
aspect, the fact that the RUM signal was transmitted us-
ing a particular tone within a particular group is sufficient
in itself to convey information about both the identity and
the degree of disadvantage of the node. Thus, only en-
ergy detection is needed at the RUM receiving node.
[0105] In sum, simple energy detection of RUM tones
is possible because (1) the weight information is inherent
in the group upon which the RUM is transmitted, since
the different groups are mapped to different weights, and
(2) the identity of the sender of the RUM received can be
recognized by an associated node. Conversely, if the
RUM is not sent using a tone of an associated sender,
then the RUM receiving node can determine that the
RUM is from a non-associated node.
[0106] When the RUM receiving node receives a tone
during a control/RUM portion of a timeslot, the RUM re-
ceiver can determine with some probability (based on
the possibility that another node selected the same tone)
whether the RUM came from one of its associated nodes.
An error may occur when the RUM receiver incorrectly
detects a RUM on a tone when none was actually sent.
[0107] In another aspect, a mechanism for selecting a
tone to transmit and receive RUMs is described. To be
used for sending a RUM as well as for recognizing a
received RUM, a selected tone must be either known or
determinable by both the RUM sending node and the
RUM receiving node. In one aspect involving two asso-
ciated nodes, the identity of the tone is determined by
one of the two nodes and confirmed by the other node
using a handshaking protocol. Subsequent RUMs are
transmitted using the selected tone. Alternatively, the
tone used by the two associated nodes may be selected
by another node, or it may be a system-determined tone,
etc.
[0108] Any method used to the change the tone must
be deterministic from the vantage point of the nodes using
the method. In one aspect, a tone within a group is se-
lected pseudo-randomly to reduce the frequency of col-
lisions caused by another node that happens to select
the same tone for transmitting its RUM. In this aspect, a
pseudo-random algorithm may be selected which con-
tains information sufficient for a node to ascertain the
identity of a tone that the node should use to transmit a
RUM during a RUM control slot. The algorithm may be
a mathematical algorithm. Alternatively, the algorithm
may be any rule, criterion, or set of criteria sufficient to
enable the tone to change in a random or semi-random
fashion in each instance of the control slot.
[0109] On the RUM receiving side, the algorithm ena-
bles the RUM receiving node to determine whether the
RUM came from an associated node.
[0110] In another aspect, a first node transmits to a
second node an initial tone and a rule to change the tone
over time (e.g., every n timeslots). The rule in one imple-
mentation may utilize a combination of an identifier of
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one of the associated nodes and a frame number or
timeslot number. Using this information, and based on
the timeslot number, a RUM sending node can send a
RUM in a control slot on the appropriate tone. The RUM
receiving node may, in turn, use the rule to determine
that the RUM came from an associated node.
[0111] A variety of different types of system parame-
ters may be used by two communicating nodes as a basis
for selecting a RUM tone. Such parameters include, by
way of example, a system time, a frame index, a node
identifier, and a link identifier. Use of these and similar
parameters in selecting the tone may allow for the tone
to vary in essentially a random or semi-random fashion,
which may further reduce the frequency of unwanted
RUM collisions.
[0112] Still other parameters, whether or not unique to
the wireless system, may be contemplated for accom-
plishing a similar result. A random number generator may
be used. Yet other configurations may use a special
broadcast message or channel to identify an initial tone,
to identify an updated tone, or to identify a rule or other
criteria for updating a tone as a function of time.
[0113] In another aspect, an access point assigns each
access terminal that it communicates with a tone and a
rule to follow to randomly change the tone. As noted
above, changing the tone in this manner helps minimize
the occurrence of repeated collisions with another node
that may have selected the same location.
[0114] Provided that the rule assigned for tone selec-
tion is sufficient to enable RUM sending node and RUM
receiving node to calculate the proper RUM tone during
any given timeslot, the details of the tone selection may
vary widely.
[0115] Another benefit of the approach describe above
relates to the power level that a RUM sending node can
achieve. In particular, since energy is placed in just a few
tones (e.g., one tone in the above-described aspect), the
RUM transmit power spectral density can be high even
for low power transmitters. For instance, if only one tone
is used per carrier, then with a maximum power of 200
mW and approximately 10 KHz per tone, a high transmit
power spectral density of 200 mW/10 KHz can be
achieved. At these power levels, RUM sending nodes
may be able to send RUMs over relatively long distances.
[0116] FIG. 11 is a block diagram of a RUM sending
node 1102 and a RUM receiving node 1104. FIG. 11
shows various circuit/functional blocks that may be used
for transmitting a RUM (NODE 1) and for receiving the
RUM (NODE 2). It will be appreciated that the circuit/
functional blocks shown are exemplary in nature, and do
not exclude either node from being both a RUM sending
node and a RUM receiving node.
[0117] FIG. 12 is a flow diagram illustrating an example
where NODE 1 (FIG. 11) sends a RUM to receivers in
its vicinity. Initially, NODE 1 determines that the quality
of one or more signals received at receiver 1114 falls
below some specified threshold (step 1202), thereby ne-
cessitating a RUM. Step 1202 may be implemented

through various means, including determining a carrier-
to-interference ratio, a bit error rate, a quantized through-
put, or other means generally used to determine the qual-
ity or integrity of a signal received over a network. This
measurement may be made, for example, by processor
1108, or by another dedicated circuit or software routine
(s) (not shown) at the RUM sending node.
[0118] If the measured parameter(s) falls below the
threshold, NODE 1 may proceed to determine a group
upon which to transmit a RUM (step 1204). In one aspect,
NODE 1 first determines an appropriate weight. In the
illustration where NODE 1 is an access terminal, a cor-
responding access point may in some aspects be prin-
cipally responsible for designating the weight of NODE
1. NODE 1 may have knowledge of this information based
on a previous transaction, or it may perform a handshak-
ing routine with the access point to identify the weight.
[0119] In another aspect, NODE 1 determines an ap-
propriate weight using, possibly among other parame-
ters, the measured signal quality referenced above. The
mechanism for making this determination may be imple-
mented in software by processor 1108, or it may be pro-
vided by dedicated hardware. In other aspects, NODE 1
takes one or more other criteria into account in determin-
ing the weight, such as, for example, previous quality
measurements. In still other aspects, information com-
prising the measured signal quality may be sent by NODE
1 to another node or source that examines the measure-
ment(s) and sends a determination to NODE 1 of the
appropriate weight.
[0120] Using any of these techniques (or others) to de-
termine a proper weight, NODE 1 thereupon determines
a group corresponding to that weight. This determination
may be made by the group determiner functional block
1104, which may include dedicated circuitry or process-
ing circuitry for executing code to determine the group.
In one aspect the group determiner 1104 is part of a
processing system in which processor 1108 and other
processing elements are included. In another aspect
group determiner 1104 and processor 1108 may be one
in the same.
[0121] NODE 1 next selects a tone (step 1206) using
tone selector block 1106. In one aspect, the tone that is
selected is one that was previously determined to be used
for communicating with an associated node. Depending
on the specific implementation, the tone may be selected
in different ways. For example, in the case where a single
RUM tone or set of tones is selected for use in all times-
lots, NODE 1 may simply identify the corresponding tone
or set of tones (step 1210). Alternatively, in other aspects
as discussed above, one or more variables or other pa-
rameters may be used in the tone selection progress.
Additionally, an algorithm may be used to determine the
tone pseudo-randomly in the case where the minimiza-
tion of collision frequency is deemed particularly desira-
ble.
[0122] In one example, a timeslot number, a node iden-
tifier, and a pseudo-random algorithm are used to select
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the tone. NODE 2 1104 (FIG. 11), for instance, may be
an access point that communicates the timeslot number,
node identifier, and algorithm to NODE 1, an access ter-
minal in this example. Note that in other aspects, this
information may be derived from the RUM sending node
(NODE 1) or from another source. In addition, NODE 2
may in other aspects be an access terminal and NODE
1 an access point. In still other aspects, additional or dif-
ferent variables may be used (e.g., a frame index, another
measurement of system time, a link identifier, and the
like) to select the tone.
[0123] NODE 1 may thereupon identify a timeslot for
transmitting a RUM (step 1208). Using the identified
timeslot the known node identifier associated with NODE
2 (step 1212), and the applicable pseudo-random algo-
rithm (steps 1214 and 1216), NODE 2 proceeds to de-
termine the tone that should be used to transmit a RUM
in that timeslot (step 1218).
[0124] Having determined the group and selected the
tone, NODE 1 transmits a wireless signal using the se-
lected tone within the determined group (step 1220).
[0125] While the wireless signal in step 1220 and
throughout this disclosure is generally referred to as a
RUM, it will be appreciated that any signal transmitted
upon the determined group using the selected tone qual-
ifies as the wireless signal in accordance with the princi-
ples set forth in the present disclosure.
[0126] The transmitted wireless signal may be consid-
ered to be a broadcast message, because the signal may
be broadcast to all wireless nodes in the vicinity.
[0127] As described above, when RUMs collide as a
result of two or more nodes transmitting a RUM using
the same tone, the RUM receiving node may mistakenly
conclude that its own associated node sent the RUM.
While this false alarm probability may be low, it may be
reduced even further if some redundancy is added into
the wireless communications links. Such redundancy
may include a second wireless transmission. According-
ly, in one aspect, an "echo RUM" is transmitted in addition
to the wireless signal in step 1220 (FIG. 12). The echo
RUM may be sent as a separate message which may
include an identity of the group upon which the associated
RUM was/will be transmitted. The RUM receiving node
may be configured to use the echo RUM to (1) anticipate
an impending RUM on a particular tone in the identified
group, (2) confirm previous receipt of a RUM, and/or (3)
acknowledge that a RUM was received even though the
RUM was not successfully detected. The RUM receiving
node may, in turn, determine an appropriate response in
light of the echo RUM and other RUMs received.
[0128] In one aspect involving the case of an access
terminal 104 (FIG. 1), the echo RUM may not be required
where the associated access point is configured to de-
termine or store a value for the weight of NODE 1 and
possibly other nodes with which the access point is con-
figured to communicate.
[0129] In many network implementations, the probably
of transmitting two or more RUMs with the same weight

on the same carrier is low enough such that the frequency
of collisions that do occur is considered to be within the
bounds of acceptable performance. In another aspect,
to decrease the probability of collisions even further and
increase the reliability of receiving RUMs, the RUM proc-
ess may be further orthogonalized beyond one tone per
user. For example, the carriers may be divided into
groups as discussed above. Thereupon, the RUM may
be defined as (1) more than one tone, or (2) a scrambled
sequence of tones in the group. In either case, the tones
may be randomly picked, or assigned by another node
(such as an access point). In case (2), the sequence may
be determined from a set of allowed sequences having
a low cross-correlation. In one aspect, Walsh codes may
be used to determine the sequence.
[0130] In the aspect of FIG. 10, the tones of each group
are contiguous in frequency. Thus, if another node that
is slightly misaligned in frequency or time transmits a
RUM using a tone that overlaps with a RUM from an
associated node, the RUM receiving node can still detect
the RUM in the correct group even if not the correct send-
er. Thus, even though an incorrect tone may be received,
the RUM receiving node may nevertheless be able to
respond to the RUM correctly using the group identifier.
[0131] In other aspects, the tones of a group may be
interleaved for frequency diversity. That is, two or more
tones in a group (or all the tones) may be selected so
that the tones are not contiguous in frequency. Frequen-
cy diversity generally refers to transmitting a wireless sig-
nal simultaneously on two or more frequencies, each of
which may be susceptible to frequency fading effects.
When there is a fade at one frequency but not the other,
the receiver can still recover the signal. This property
renders frequency diversity techniques particularly suit-
able for applications like spread spectrum communica-
tions, where fading often affects only a portion of the rel-
evant spectrum.
[0132] In one aspect, a RUM receiving node identifies
active tones of received tones, identifies the group for
each active tone, and determines an appropriate re-
sponse. FIG. 13 is a flow diagram illustrating a RUM re-
ceiving node (such as NODE 2 1104 (FIG. 11)) in the
process of receiving a set of RUMs. A plurality of tones
are received by NODE 2 on receiver 1120. Thereupon,
the active tone identifier 1122 identifies active tones of
the received tones (step 1304). An active tone as de-
scribed herein is a received tone having an energy level
that meets or exceeds some established threshold. The
threshold may comprise some quantified minimum
measure of energy established in order to probabilisti-
cally avoid interpreting extraneous noise or interference
as a received tone.
[0133] In one aspect, NODE 2 performs this step by
measuring the signal strengths of the received tones. The
measurement of signal strength may be a measurement
of power, gain, or any other parameter that is at least
partially relevant to the amount of energy received on the
tone. The active tone identifier 1122 may compare each
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of these measured signal strengths to a threshold. Alter-
natively, the active tone identifier 1122 will identify some
condition which must be satisfied by the measured pa-
rameter(s). Those meeting or exceeding the threshold,
or otherwise satisfying the condition, are determined to
be active tones. This determination may be desirable to
account for the fact that energy received on a tone at any
given time may not necessarily be a RUM. Rather, the
received energy may be an artifact of remote transmis-
sions from other wireless devices, simple noise, or other
electrical interference. Requiring a minimum energy
threshold for received tone before deducing that a RUM
is present on the tone allows the designer to determine,
within some degree of probability, that the received tone
is in fact a RUM.
[0134] For each active tone, group/weight identifier
1124 identifies a group in which the active tone was trans-
mitted, which also provides an indicator of the weight of
the active tone (step 1306). In some aspects, NODE 2
may already know the weights of active tones used by
its associated nodes, such that the process is simplified
for any tone received from an associated node.
[0135] The response determiner 1126 may determine
a response in light of the received active tones (step
1308). The response may include identifying one or more
priority tones, and performing some action such as de-
scribed above with reference to FIGS. 6, 7, and 9. Priority
tones are defined herein as one or more active tones
identified from a group of active tones, wherein the iden-
tification is performed according to some selection crite-
ria that is deemed useful to determine a suitable response
for managing interference. For example, in one aspect
wherein a plurality of active tones are received, the pri-
ority tone(s) may include the active tone(s) having the
highest weight. If an active tone from an associated node
is received, the priority tones may include this active tone.
In other instances, the priority tones may be defined as
the highest weighted tones from associated nodes, high-
est weighted tones from non-associated nodes, or some
combination of the two.
[0136] In other aspects, the priority tones may com-
prise a plurality of active tones selected based on (1) one
or more active tones from the highest weighted associ-
ated node(s), and (2) one or more active tones from non-
associated nodes having weights higher than the highest
weighted associated node. As a specific illustration, in
one network aspect a RUM receiving node may receive
five active tones. The two highest weighted active tones
may be identified as from a non-associated node. The
third highest weighted active tone may be identified as
from an associated node. The remaining two active tones
may be weighted lower than the first three. In this exam-
ple, the priority tones may be identified as the two highest
weighted active tones.
[0137] As earlier described, NODE 2 may simply ab-
stain from transmitting a signal (such as a request to
transmit) for a predetermined time on the affected carrier
if the determined priority tone is not from an associated

node. NODE 2 may also proceed to transmit a signal at
a reduced power if, for instance, transmitting the signal
at the reduced power level will not unduly interfere with
the receipt of subsequent transmissions by the afflicted
priority RUM sender. In this latter situation involving two
priority tones from non-associated nodes and a lower-
weighted active tone from an associated node, the RUM
receiving node may measure the relative signal energies
of the set of priority tones to determine a response. Based
on these measurements, the RUM receiving node may
elect to transmit a signal to the associated node at the
maximum permissible power that can be used without
causing undue interference to the non-associated nodes
that transmitted the priority tones. Undue interference
may include some quantized measurement such as
throughput, data rate, or bit error rate, etc. that can be
guaranteed (or that can fall within a degree of probability)
to the nodes that transmitted the priority tones, taking
into account a transmission by the RUM receiving node.
[0138] In other aspects, the priority tones may include
the active tones that are transmitted in the same group
of the highest weight (and thus each tone has the same
weight). Alternative, the priority tones may be identified
based on some combination of the above aspects, or
some other criteria for achieving a desired interference
management scheme. Still other responses may be con-
templated depending on the application.
[0139] As an illustration, a RUM receiving node may
occasionally receive a command signal from another ap-
plication or node, directing the RUM receiving node to
transmit signals containing data at full power in spite of
the presence of one or more priority tones. Such an ex-
ample of superseding the dynamic interference manage-
ment protocol may occur where the data to be transmitted
by the RUM receiving node has been designated high
priority data that overrides the priorities created by the
RUM protocols in place. Thus, the flexibility of the overall
interference management scheme in accordance with
the disclosure may be maintained.
[0140] Processor 1128 (NODE 2) may perform addi-
tional tasks as necessary to process the received tones
and to convey needed instructions to the other functional
blocks. In one aspect, the blocks 1122, 1124, 1126, and
1128 may comprise circuit blocks or software routines
for performing the procedures set forth above. In other
aspects, these blocks (and separately, the blocks in
NODE 1 1102) may be part of an overall processing sys-
tem wherein various functions are implemented using
dedicated hardware, one or more general purpose proc-
essors, application specific integrated circuits (ASICs),
software modules, or some combination thereof.
[0141] In practice, NODE 1 in FIG. 11 typically contains
the functionality of each of blocks 1104, 1106, 1108,
1122, 1124, 1126, and 1128 for implementing both RUM
transmitting functions and RUM receiving functions with-
in the same device. The same holds true for NODE 2.
However, this need not be the case. In some aspects,
the RUM transmitting node may not include RUM receiv-
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ing circuitry, and vice versa.
[0142] In one implementation, processor 1128 con-
tains a pseudo-random generator for generating tones
that may be selected for the transmission of RUMs. In-
formation obtained from processor 1128 may be com-
municated to NODE 1 through receiver 1114. Alterna-
tively, processor 1108 may include a similar or substan-
tially identical pseudo-random generator which may be
used to select the correct tone upon which to transmit a
RUM in any given timeslot. In other aspects, NODE 1
and NODE 2 contain analogous circuitry or software
modules for identifying criteria for selecting the tone.
NODE 2 may use the generated rule or a pseudo-random
algorithm for tone selection. An illustration of this proce-
dure is described above with reference to FIG. 12.
[0143] The above aspects leave open the possibility
that two or more afflicted nodes may send RUMs within
the same group. In this situation, the RUM receiving node
needs to determine an appropriate response. In the case
where the identified group corresponds to a weight that
is lower than the highest weight of all RUMs transmitted
during the applicable timeslot, then the approach set forth
in FIG. 9 may be used without further consideration. How-
ever, if the group in which the two or more tones were
sent is associated with the highest weight, then it may
be unclear to the RUM receiving node which node should
be accorded priority over the other. This is particularly
true if the one of the RUM transmitting nodes is an as-
sociated node and the other is not.
[0144] Therefore tones may also be ordered within
each group.
[0145] FIG. 14 is a flow diagram illustrating an ordering
of tones. The ordering may be performed dynamically by
a node in the network such as an access point. Alterna-
tively, the ordering may be determined on a system level
and communicated via a broadcast message or through
other suitable means, for example specified by a function.
The determination may be made either upon initialization
of the communication system, or dynamically on the fly.
[0146] The allocated carrier bandwidth is first segre-
gated into groups of tones (step 1402) for each carrier
as previously described. An example of such a format is
presented above with respect to FIG. 10. The tones in
two or more groups may then be assigned different
weights (step 1404). In this manner, an inter-node order-
ing scheme is realized whereby tones within a group are
ordered relative to tones in one or more other groups.
Next, intra-group ordering is performed in which tones
are ordered within the respective group to which they
correspond (step 1406). Thereafter, the receiving nodes
may determine a response to the RUMs (step 1414), in-
cluding establishing one or more priority tones as dis-
cussed above. The response may be to proceed with a
transmission to an associated node (block 1416), abstain
from transmitting (block 1418), or transmit at a reduced
power (block 1420).
[0147] Intra-group ordering may be accomplished in a
variety of ways, two of which are illustrated in the context

of steps 1406A and 1406B. In one way, tones are ordered
according to their position within a group (step 1406A).
This ordering may be performed, for example by the RUM
receiving node upon receiving one or more active tones.
[0148] For the example in FIG. 10, GROUP 1 includes
TONE 0 through TONE 29, which may be contiguous in
frequency. In a simple scenario, TONE 0 is associated
with the lowest order, up to TONE 29 which is associated
with the highest order. As an illustration of this ordering
method, a RUM receiving node may receive the active
tones TONE 5 and TONE 8 from two non-associated
nodes in GROUP 1. In assessing the overall priority
tones, the RUM receiving node may be configured to
accord the node corresponding to TONE 8 priority since
it is higher in number. It is equally feasible that the lower
positioned tones may be viewed as higher priority tones.
[0149] In other aspects priority position with a given
group may be determined randomly, or using a fixed se-
quence, e.g., a random permutation that varies with time,
i.e., instead of varying the tone used to send in the group,
the tone is fixed and the ordering of the tones within a
group is varied.
[0150] The above procedures may become useful as
part of an overall system design. In the aspect described
earlier where tones are selected in a pseudo-random pat-
tern, each of the nodes will be accorded fair treatment in
a roughly round-robin manner based on the assumption
that the nodes will randomly select lower tones approx-
imately half of the time for use as the RUM tone, and
higher tones approximately the other half. In other as-
pects, an access point or another system element may
establish a rule for assigning different nodes with a fixed
RUM tone (e.g., TONE 15). Alternatively, the access
point may randomly assign, to nodes deemed to have a
higher general priority, a RUM tone within a defined
smaller body of RUM tones from higher positions (e.g.,
a random tone may be selected from the subset of tones
labeled TONE 15 - TONE 29). The same rule may be
made for nodes deemed to require only lower priority
tones (e.g., TONE 0 - TONE 14).
[0151] In an alternative aspect, a RUM receiving node
orders active tones received in a group as a function of
the number of active tones present in the group (step
1406B). For example, if a node receives four active tones
in one group, then the node’s processing circuitry can
probabilistically decide if each of the four active tones is
higher than some selected comparison tone.
[0152] As an illustration, the comparison tone may be
selected such that a probability of � exists that each ac-
tive tone is higher than the selected tone. One or more
priority tones may thereupon be established based on
this determination. In the case where one of the active
tones is determined to be from an associated node, the
receiving node may use this technique to determine
whether to respond to each of the RUMs or alternatively,
to ignore one, some, or all of them.
[0153] The teachings herein may be incorporated into
a device employing various components for communi-

25 26 



EP 2 408 138 A2

15

5

10

15

20

25

30

35

40

45

50

55

cating with at least one other wireless device. FIG. 15
depicts several sample components that may be em-
ployed to facilitate communication between devices.
Here, a first device 1502 (e.g., an access terminal) and
a second device 1504 (e.g., an access point) are adapted
to communicate via a wireless communication link 1506
over a suitable medium.
[0154] Initially, components involved in sending infor-
mation from the device 1502 to the device 1504 (e.g., a
reverse link) will be treated. A transmit ("TX") data proc-
essor 1508 receives traffic data (e.g., data packets) from
a data buffer 1510 or some other suitable component.
The transmit data processor 1508 processes (e.g., en-
codes, interleaves, and symbol maps) each data packet
based on a selected coding and modulation scheme, and
provides data symbols. In general, a data symbol is a
modulation symbol for data, and a pilot symbol is a mod-
ulation symbol for a pilot (which is known a priori). A mod-
ulator 1512 receives the data symbols, pilot symbols, and
possibly signaling for the reverse link, and performs mod-
ulation (e.g., OFDM or some other suitable modulation)
and/or other processing as specified by the system, and
provides a stream of output chips. A transmitter ("TMTR")
1514 processes (e.g., converts to analog, filters, ampli-
fies, and frequency upconverts) the output chip stream
and generates a modulated signal, which is then trans-
mitted from an antenna 1516.
[0155] The modulated signals transmitted by the de-
vice 1502 (along with signals from other devices in com-
munication with the device 1504) are received by an an-
tenna 1518 of the device 1504. A receiver ("RCVR") 1520
processes (e.g., conditions, frequency downconverts
and digitizes) the received signal from the antenna 1518
and provides received samples. A demodulator ("DE-
MOD") 1522 processes (e.g., demodulates and detects)
the received samples and provides detected data sym-
bols, which may be a noisy estimate of the data symbols
transmitted to the device 1504 by the other device(s). A
receive ("RX") data processor 1524 processes (e.g.,
symbol demaps, deinterleaves, and decodes) the detect-
ed data symbols and provides decoded data associated
with each transmitting device (e.g., device 1502).
[0156] Components involved in sending information
from the device 1504 to the device 1502 (e.g., a forward
link) will be now be treated. At the device 1504, traffic
data is processed by a transmit ("TX") data processor
1526 to generate data symbols. A modulator 1528 re-
ceives the data symbols, pilot symbols, and signaling for
the forward link, performs modulation (e.g., OFDM or
some other suitable modulation) and/or other pertinent
processing, and provides an output chip stream, which
is further conditioned by a transmitter ("TMTR") 1530 and
transmitted from the antenna 1518. In some implemen-
tations signaling for the forward link may include power
control commands and other information (e.g., relating
to a communication channel) generated by a controller
1532 for all devices (e.g. terminals) transmitting on the
reverse link to the device 1504.

[0157] At the device 1502, the modulated signal trans-
mitted by the device 1504 is received by the antenna
1516, conditioned and digitized by a receiver ("RCVR")
1534, and processed by a demodulator ("DEMOD") 1536
to obtain detected data symbols. A receive ("RX") data
processor 1538 processes the detected data symbols
and provides decoded data for the device 1502 and the
forward link signaling. A controller 1540 receives power
control commands and other information to control data
transmission and to control transmit power on the reverse
link to the device 1504.
[0158] The controllers 1540 and 1532 direct various
operations of the device 1502 and the device 1504, re-
spectively. For example, a controller may determine an
appropriate filter, reporting information about the filter,
and decode information using a filter. Data memories
1542 and 1544 may store program codes and data used
by the controllers 1540 and 1532, respectively.
[0159] FIG. 15 also illustrates that the devices 1502
and 1504 may include one or more components that per-
form timeslot designation operations as taught herein.
For example, a timeslot control component 1546 may
cooperate with the controller 1540 and/or other compo-
nents of the device 1502 to send and receive signals to
another device (e.g., device 1504) as taught herein. Sim-
ilarly, a timeslot control component 1548 may cooperate
with the controller 1532 and/or other components of the
device 1504 to send and receive signals to another de-
vice (e.g., device 1502).
[0160] Additionally, FIG. 15 illustrations that the devic-
es 1502 and 1504 may also include RUM control com-
ponents 1581 and 1591, which may perform the various
functions of executing RUM protocols, determining
groups, selecting tones, determining active tones, deter-
mining responses, etc., in accordance with the teachings
herein.
[0161] The teachings herein may be incorporated into
(e.g., implemented within or performed by) a variety of
apparatuses (e.g., devices). For example, each node
may be configured, or referred to in the art, as an access
point ("AP"), NodeB, Radio Network Controller ("RNC"),
eNodeB, Base Station Controller ("BSC"), Base Trans-
ceiver Station ("BTS"), Base Station ("BS"), Transceiver
Function ("TF"), Radio Router, Radio Transceiver, Basic
Service Set ("BSS"), Extended Service Set ("ESS"), Ra-
dio Base Station ("RBS"), or some other terminology. An
access point may include a network device, or commu-
nication hub, that connects one or more wireless devices
to a wired network. An access terminal may include a
wireless device, such as a mobile or cordless phone,
handheld or laptop computer, personal digital assistant,
wireless e-mail device or other similar device, for sending
and/or receiving wireless signals to and from an access
point. Certain nodes also may be referred to as subscrib-
er stations. A subscriber station also may be known as
a subscriber unit, a mobile station, a remote station, a
remote terminal, an access terminal, a user terminal, a
user agent, a user device, or user equipment. In some
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implementations a subscriber station may comprise a
cellular telephone, a cordless telephone, a Session Ini-
tiation Protocol ("SIP") phone, a wireless local loop
("WLL") station, a personal digital assistant ("PDA"), a
pager, a handheld device having wireless connection ca-
pability, or some other suitable processing device con-
nected to a wireless modem. Accordingly, one or more
aspects taught herein may be incorporated into a phone
(e.g., a cellular phone or smart phone), a computer (e.g.,
a laptop), a portable communication device, a portable
computing device (e.g., a personal data assistant), an
entertainment device (e.g., a music or video device, or a
satellite radio), a global positioning system device, or any
other suitable device that is configured to communicate
via a wireless medium.
[0162] As mentioned above, in some aspects a wire-
less node may comprise an access device (e.g., a cellular
or Wi-Fi access point) for a communication system. Such
an access device may provide, for example, connectivity
for or to a network (e.g., a wide area network such as the
Internet or a cellular network) via a wired or wireless com-
munication link. Accordingly, the access device may en-
able another device (e.g., a Wi-Fi station) to access the
network or some other functionality.
[0163] A wireless node may thus include various com-
ponents that perform functions based on data transmitted
by or received at the wireless node. For example, an
access point and an access terminal may include an an-
tenna for transmitting and receiving signals (e.g., mes-
sages including control, data, or both). An access point
also may include a traffic manager configured to manage
data traffic flows that its receiver receives from a plurality
of wireless nodes or that its transmitter transmits to a
plurality of wireless nodes. In addition, an access terminal
may include a user interface adapted to output an indi-
cation based on received data.
[0164] A wireless device may communicate via one or
more wireless communication links that are based on or
otherwise support any suitable wireless communication
technology. For example, in some aspects a wireless de-
vice may associate with a network. In some aspects the
network may comprise a body area network or a personal
area network (e.g., an ultra-wideband network). In some
aspects the network may comprise a local area network
or a wide area network. A wireless device may support
or otherwise use one or more of a variety of wireless
communication technologies, protocols, or standards
such as, for example, CDMA, TDMA, OFDM, OFDMA,
WiMAX, and Wi-Fi, and others. Similarly, a wireless de-
vice may support or otherwise use one or more of a va-
riety of corresponding modulation or multiplexing
schemes. A wireless device may thus include appropriate
components (e.g., air interfaces) to establish and com-
municate via one or more wireless communication links
using the above or other wireless communication tech-
nologies. For example, a device may comprise a wireless
transceiver (e.g., transceivers 1110 and 1116 of FIG. 11)
with associated transmitter and receiver components

(e.g., transmitters 1112 and 1118 and receivers 1114
and 1120) that may include various components (e.g.,
signal generators and signal processors) that facilitate
communication over a wireless medium.
[0165] The components described herein may be im-
plemented in a variety of ways. Referring to FIG. 16, an
apparatus 1600 is represented as a series of interrelated
functional blocks that may represent functions imple-
mented by, for example, one or more integrated circuits
(e.g., an ASIC) or may be implemented in some other
manner as taught herein. As discussed herein, an inte-
grated circuit may include a processor, software, other
components, or some combination thereof.
[0166] The apparatus 1600 may include one or more
modules that may perform one or more of the functions
described above with regard to various figures. For ex-
ample, an ASIC for determining groups 1602 may corre-
spond to, for example, group determiner 1104 in FIG. 11.
An ASIC for transmitting 1604 may correspond to, for
example, a transmitter as discussed herein. An ASIC for
selecting tones 1606 may correspond to, for example, a
tone selector in FIG. 11. An ASIC for receiving tones may
correspond to, for example, a receiver as discussed here-
in. An ASIC for identifying active tones may correspond
to, for example, active tone identifier 1122 in FIG. 11. An
ASIC for identifying groups 1612 may correspond to, for
example, group/weight identifier 1124 in FIG. 11. An
ASIC for determining a response 1620 may correspond
to, for example, response determiner 1126 in FIG. 11.
[0167] As noted above, in some aspects these com-
ponents may be implemented via appropriate processor
components. These processor components may in some
aspects be implemented, at least in part, using structure
as taught herein. In some aspects a processor may be
adapted to implement a portion or all of the functionality
of one or more of these components. In some aspects
one or more of the components represented by dashed
boxes are optional.
[0168] As noted above, the apparatus 1600 may com-
prise one or more integrated circuits. For example, in
some aspects a single integrated circuit may implement
the functionality of one or more of the illustrated compo-
nents, while in other aspects more than one integrated
circuit may implement the functionality of one or more of
the illustrated components.
[0169] In addition, the components and functions rep-
resented by FIG. 16 as well as other components and
functions described herein, may be implemented using
any suitable means. Such means also may be imple-
mented, at least in part, using corresponding structure
as taught herein. For example, the components de-
scribed above in conjunction with the "ASIC for" compo-
nents of FIG. 16 also may correspond to similarly desig-
nated "means for" functionality. Thus, in some aspects
one or more of such means may be implemented using
one or more of processor components, integrated cir-
cuits, or other suitable structure as taught herein.
[0170] FIG. 17 is a block diagram of a set of modules
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for transmitting a wireless signal on a selected tone in
accordance with an aspect of the disclosure. Module
1702 determines a group of tones. Module 1704 selects
one of the tones in the determined group. Thereupon,
module 1706 transmits a wireless signal using the tone.
FIG. 18 is a block diagram of a set of modules for deter-
mining a response based on receiving a plurality of tones.
Module 1802 receives a plurality of tones. Module 1804
identifies active tones from the received tones as de-
scribed above. Module 1806 identifies the corresponding
group for each active tone. Module 1808 determines an
appropriate response.
[0171] The modules in FIGS. 17 and 18 may include
a processing system of one or more general purpose or
dedicating processors or processing circuits. Alternative-
ly, the modules may be implemented in part or in whole
using dedicated integrated circuits, ASICs, or other an-
alog or digital circuit types. The modules may also include
or may be used in connection with wireless components
including transmitters, receivers, transceivers, filters,
amplifiers, digital to analog converters, analog to digital
converters, modulation circuits, spreading circuits, oscil-
lators, phase-locked loops, or any other such compo-
nents that one skilled in the art would recognize may be
used to implement the methods disclosed herein. In ad-
dition, the modules may be software modules, which may
include code resident in memory or stored on a medium
such as a tape, CD, DVD, disk, hard drive, or other suit-
able storage medium.
[0172] It should be understood that any reference to
an element herein using a designation such as "first,"
"second," and so forth does not generally limit the quan-
tity or order of those elements. Rather, these designa-
tions may be used herein as a convenient method of dis-
tinguishing between two or more elements or instances
of an element. Thus, a reference to first and second el-
ements does not mean that only two elements may be
employed there, or that the first element must precede
the second element in some manner. Also, unless stated
otherwise a set of elements may comprise one or more
elements.
[0173] Those of skill in the art would understand that
information and signals may be represented using any
of a variety of different technologies and techniques. For
example, data, instructions, commands, information, sig-
nals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or particles, or any com-
bination thereof.
[0174] Those of skill would further appreciate that any
of the various illustrative logical blocks, modules, proc-
essors, means, circuits, and algorithm steps described
in connection with the aspects disclosed herein may be
implemented as electronic hardware (e.g., a digital im-
plementation, an analog implementation, or a combina-
tion of the two, which may be designed using source cod-
ing or some other technique), various forms of program

or design code incorporating instructions (which may be
referred to herein, for convenience, as "software" or a
"software module"), or combinations of both. To clearly
illustrate this interchangeability of hardware and soft-
ware, various illustrative components, blocks, modules,
circuits, and steps have been described above generally
in terms of their functionality. Whether such functionality
is implemented as hardware or software depends upon
the particular application and design constraints imposed
on the overall system. Skilled artisans may implement
the described functionality in varying ways for each par-
ticular application, but such implementation decisions
should not be interpreted as causing a departure from
the scope of the present disclosure.
[0175] The various illustrative logical blocks, modules,
and circuits described in connection with the aspects dis-
closed herein may be implemented within or performed
by an integrated circuit ("IC"), an access terminal, or an
access point. The IC may comprise a general purpose
processor, a digital signal processor (DSP), an applica-
tion specific integrated circuit (ASIC), a field programma-
ble gate array (FPGA) or other programmable logic de-
vice, discrete gate or transistor logic, discrete hardware
components, electrical components, optical compo-
nents, mechanical components, or any combination
thereof designed to perform the functions described
herein, and may execute codes or instructions that reside
within the IC, outside of the IC, or both. A general purpose
processor may be a microprocessor, but in the alterna-
tive, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microproc-
essor, a plurality of microprocessors, one or more micro-
processors in conjunction with a DSP core, or any other
such configuration.
[0176] It is understood that any specific order or hier-
archy of steps in any disclosed process is an example of
a sample approach. Based upon design preferences, it
is understood that the specific order or hierarchy of steps
in the processes may be rearranged while remaining
within the scope of the present disclosure. The accom-
panying method claims present elements of the various
steps in a sample order, and are not meant to be limited
to the specific order or hierarchy presented.
[0177] The steps of a method or algorithm described
in connection with the aspects disclosed herein may be
embodied directly in hardware, in a software module ex-
ecuted by a processor, or in a combination of the two. A
software module (e.g., including executable instructions
and related data) and other data may reside in a data
memory such as RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, regis-
ters, a hard disk, a removable disk, a CD-ROM, or any
other form of computer-readable storage medium known
in the art. A sample storage medium may be coupled to
a machine such as, for example, a computer/processor
(which may be referred to herein, for convenience, as a
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"processor") such the processor can read information
(e.g., code) from and write information to the storage me-
dium. A sample storage medium may be integral to the
processor. The processor and the storage medium may
reside in an ASIC. The ASIC may reside in user equip-
ment. In the alternative, the processor and the storage
medium may reside as discrete components in user
equipment. Moreover, in some aspects any suitable com-
puter-program product may comprise a computer-read-
able medium comprising codes (e.g., executable by at
least one computer) relating to one or more of the aspects
of the disclosure. In some aspects a computer program
product may comprise packaging materials.
[0178] The processing system referred to in this dis-
closure may include one or more processors. A proces-
sor may be a general purpose microprocessor, a micro-
controller, a Digital Signal Processor (DSP), an Applica-
tion Specific Integrated Circuit (ASIC), a Field Program-
mable Gate Array (FPGA), a Programmable Logic De-
vice (PLD), logic circuits, discrete hardware components,
or any other suitable entity that can perform calculations
or other manipulations of information.
[0179] The processing system may also include one
or more machine-readable media provide data storage
and/or to support software applications. Software shall
be construed broadly to mean instructions, programs,
code, or any other electronic media content whether re-
ferred to as software, firmware, middleware, microcode,
hardware description language, or otherwise. Machine-
readable media may include storage integrated with a
processor, such as might be the case with an ASIC. Ma-
chine-readable media may also include storage external
to a processor, such as a Random Access Memory
(RAM), a flash memory, a Read Only Memory (ROM), a
Programmable Read-Only Memory (PROM), an Erasa-
ble PROM (EPROM), registers, a hard disk, a removable
disk, a CD-ROM, a DVD, or any other suitable storage
device. In addition, machine-readable media may include
a transmission line or a carrier wave that encodes a data
signal. Those skilled in the art will recognize how best to
implement the described functionality for the processing
system.
[0180] The previous description of the disclosed as-
pects is provided to enable any person skilled in the art
to make or use the present disclosure. Various modifica-
tions to these aspects will be readily apparent to those
skilled in the art, and the generic principles defined herein
may be applied to other aspects without departing from
the scope of the disclosure. Thus, the present disclosure
is not intended to be limited to the aspects shown herein
but is to be accorded the widest scope consistent with
the principles and novel features disclosed herein.
[0181] In the following, further examples are described
to facilitate the understanding of the invention:

1. A method of wireless communications comprising:

determining a group of tones from a plurality of

groups of tones;
selecting a tone in the group; and
transmitting a wireless signal using the tone.

2. The method of example 1 wherein the tone is se-
lected as a function of one or more of a system time,
a frame index, a node identifier, and a link identifier.

3. The method of example 1 wherein the selection
comprises selecting the tone pseudo-randomly.

4. The method of example 1 wherein the tone is se-
lected based on input from another node.

5. The method of example 1 wherein at least two
groups of the plurality of groups of tones comprise
one of: the same number of tones or different num-
bers of tones.

6. The method of example1 wherein the wireless sig-
nal comprises a broadcast signal.

7. The method of example 1 wherein each group
corresponds to a weight, wherein at least one of the
weights is different from another.

8. The method of example 7 wherein the weight com-
prises a measure of one or more of an interference
over thermal noise (IOT), a carrier-to-interference ra-
tio (C/I), a spectral efficiency, a latency, a data rate,
a throughput, and a traffic class.

9. The method of example 4 further comprising trans-
mitting another wireless signal to the another node,
the another wireless signal comprising an identity of
the group.

10. The method of example 1 wherein at least one
group of the plurality of groups of tones comprises
one of: all the tones of the group are contiguous in
frequency or not all of the tones of the group are
contiguous in frequency.

11. An apparatus for wireless communications, com-
prising:

a processing system configured to determine a
group of tones from a plurality of groups of tones,
select a tone in the group, and transmit a wire-
less signal using the tone.

12. The apparatus of example 11 wherein the tone
is selected as a function of one or more of a system
time, a frame index, a node identifier, and a link iden-
tifier.

13. The apparatus of example 11 wherein the selec-
tion comprises selecting the tone pseudo-randomly.
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14. The apparatus of example 11 wherein the tone
is selected based on input from another node.

15. The apparatus of exampel 11 wherein at least
two groups of the plurality of groups of tones com-
prise one of: the same number of tones or different
numbers of tones.

16. The apparatus of example 11 wherein the wire-
less signal comprises a broadcast signal.

17. The apparatus of example 11 wherein each
group corresponds to a weight, wherein at least one
of the weights is different from another.

18. The apparatus of example 17 wherein the weight
comprises a measure of one or more of an interfer-
ence over thermal noise (IOT), a carrier-to-interfer-
ence ratio (C/I), a spectral efficiency, a latency, a
data rate, a throughput, and a traffic class.

19. The apparatus of example 14 wherein the
processing system is further configured to transmit
another wireless signal to the another node, the an-
other wireless signal comprising an identity of the
group.

20. The apparatus of example 11 wherein at least
one group of the plurality of groups of tones com-
prises one of: all the tones of the group are contig-
uous in frequency or not all of the tones of the group
are contiguous in frequency.

21. An apparatus for wireless communications, com-
prising:

means for determining a group of tones from a
plurality of groups of tones;
means for selecting a tone in the group; and
means for transmitting a wireless signal using
the tone.

22. The apparatus of example 21 wherein the tone
is selected as a function of one or more of a system
time, a frame index, a node identifier, and a link iden-
tifier.

23. The apparatus of claim 21 wherein the selection
comprises selecting the tone pseudo-randomly.

24. The apparatus of example 21 wherein the tone
is selected based on input from another node.

25. The apparatus of example 21 wherein at least
two groups of the plurality of groups of tones com-
prise one of: the same number of tones or different
numbers of tones.

26. The apparatus of example 21 wherein the wire-
less signal comprises a broadcast signal.

27. The apparatus of example 21 wherein each
group corresponds to a weight, wherein at least one
of the weights is different from another.

28. The apparatus of example 27 wherein the weight
comprises a measure of one or more of an interfer-
ence over thermal noise (IOT), a carrier-to-interfer-
ence ratio (C/I), a spectral efficiency, a latency, a
data rate, a throughput, and a traffic class.

29. The apparatus of example 24 further comprising
means for transmitting another wireless signal to the
another node, the another wireless signal compris-
ing an identity of the group.

30. The apparatus of example 21 wherein at least
one group of the plurality of groups of tones com-
prises one of: all the tones of the group are contig-
uous in frequency or not all of the tones of the group
are contiguous in frequency.

31. An access terminal comprising:

an antenna;
a screen for providing a user interface;
one or more input keys for displaying symbols
on the screen; and
a processing system configured to determine a
group of tones from a plurality of groups of tones,
select a tone in the group, and transmit from the
antenna a wireless signal using the tone.

32. An access point comprising:

an antenna;
a transmitter configured to transmit wireless sig-
nals on the antenna; and
a processing system configured to determine a
group of tones from a plurality of groups of tones,
select a tone in the group, and transmit from the
transmitter the wireless signal using the tone.

33. A method of wireless communications compris-
ing:

receiving a plurality of tones;
identifying as active tones the received tones
that comprise a measure of energy satisfying a
condition;
identifying a group for each active tone, each
group comprising a weight; and
determining a response based on the weights
of the active tones.

34. The method of example 33 wherein the weights
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comprise a measure of one or more of an interfer-
ence over thermal noise (IOT), a carrier-to-interfer-
ence ratio (C/I), a spectral efficiency, a latency, a
data rate, a throughput, and a traffic class.

35. The method of example 33 further comprising
identifying whether each of the active tones is re-
ceived from an associated node.

36. The method of example 33 wherein the deter-
mining the response further comprises establishing
one or more priority tones from the active tones
based on the weights.

37. The method of claim 36 wherein the response
comprises one of:

(a) abstaining from transmitting for a time on a
frequency band over which the one or more pri-
ority tones are received; and
(b) transmitting a signal on the frequency band
at a power based in part on the measure of en-
ergy of the one or more priority tones.

38. The method of example 36 wherein the deter-
mining the response further comprises determining
that the one or more priority tones comprise a weight
indicating a greater degree of disadvantage than any
active tone received from an associated node.

39. The method of example 36 wherein the estab-
lishing further comprises determining that the one or
more active tones are received from non-associated
nodes.

40. The method of example 33 further comprising
receiving from an associated node a wireless signal
comprising an identity of the corresponding group.

41. The method of example 35 wherein identifying
an active tone as received from an associated node
is a function of one or more of a system time, a frame
index, a node identifier, and a link identifier.

42. The method of example 35 wherein a pseudo-
random formula is used to identify an active tone as
received from an associated node.

43. The method of example 33 wherein at least two
of the identified groups comprise one of: the same
number of tones and different numbers of tones.

44. The method of example 33 wherein a plurality of
active tones that correspond to a single group are
one of: all contiguous and not all contiguous.

45. The method of example 33 comprising ordering
the active tones within each group.

46. The method of claim 45 wherein a plurality of
active tones corresponding to one of the groups are
ordered according to a position of each active tone
within the corresponding group.

47. The method of example 45 wherein a plurality of
active tones corresponding to one of the groups are
ordered as a function of a number of the active tones
within the corresponding group.

48. An apparatus for wireless communications, com-
prising:

a processing system configured to receive a plu-
rality of tones, identify as active tones the re-
ceived tones that comprise a measure of energy
satisfying a condition, identify a group for each
active tone, each group comprising a weight,
and determine a response based on the weights
of the active tones.

49. The apparatus of example 48 wherein the
weights comprise a measure of one or more of an
interference over thermal noise (IOT), a carrier-to-
interference ratio (C/I), a spectral efficiency, a laten-
cy, a data rate, a throughput, and a traffic class.

50. The apparatus of example 48 wherein the
processing system is further configured to identify
whether each of the active tones is received from an
associated node.

51. The apparatus of example 48 wherein the deter-
mining the response further comprises establishing
one or more priority tones from the active tones
based on the weights.

52. The apparatus of example 51 wherein the re-
sponse comprises one of:

(a) abstaining from transmitting for a time on a
frequency band over which the one or more pri-
ority tones are received; and
(b) transmitting a signal on the frequency band
at a power based in part on the measure of en-
ergy of the one or more priority tones.

53. The apparatus of example 51 wherein the deter-
mining the response further comprises determining
that the one or more priority tones comprise a weight
indicating a greater degree of disadvantage than any
active tone received from an associated node.

54. The apparatus of example 51 wherein the estab-
lishing further comprises determining that the one or
more active tones are received from non-associated
nodes.
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55. The apparatus of example 48 wherein the
processing system is further configured to receive
from an associated node a wireless signal compris-
ing an identity of the corresponding group.

56. The apparatus of claim 50 wherein identifying an
active tone as received from an associated node is
a function of one or more of a system time, a frame
index, a node identifier, and a link identifier.

57. The apparatus of example 50 wherein a pseudo-
random formula is used to identify an active tone as
received from an associated node.

58. The apparatus of example 48 wherein at least
two of the identified groups comprise one of: the
same number of tones and different numbers of
tones.

59. The apparatus of example 48 wherein a plurality
of active tones that correspond to a single group are
one of: all contiguous and not all contiguous.

60. The apparatus of example 48 wherein the
processing system is further configured to order the
active tones within each group.

61. The apparatus of example 60 wherein a plurality
of active tones corresponding to one of the groups
are ordered according to a position of each active
tone within the corresponding group.

62. The apparatus of example 60 wherein a plurality
of active tones corresponding to one of the groups
are ordered as a function of a number of the active
tones within the corresponding group.

63. An apparatus for wireless communications com-
prising:

means for receiving a plurality of tones;
means for identifying as active tones the re-
ceived tones that comprise a measure of energy
satisfying a condition;
means for identifying a group for each active
tone, each group comprising a weight; and
means for determining a response based on the
weights of the active tones.

64. The apparatus of example 63 wherein the
weights comprise a measure of one or more of an
interference over thermal noise (IOT), a carrier-to-
interference ratio (C/I), a spectral efficiency, a laten-
cy, a data rate, a throughput, and a traffic class.

65. The apparatus of example 63 further comprising
means for identifying whether each of the active
tones is received from an associated node.

66. The apparatus of claim 63 wherein the determin-
ing the response further comprises establishing one
or more priority tones from the active tones based
on the weights.

67. The apparatus of example 66 wherein the re-
sponse comprises one of:

(a) abstaining from transmitting for a time on a
frequency band over which the one or more pri-
ority tones are received; and
(b) transmitting a signal on the frequency band
at a power based in part on the measure of en-
ergy of the one or more priority tones.

68. The apparatus of example 66 wherein the deter-
mining the response further comprises determining
that the one or more priority tones comprise a weight
indicating a greater degree of disadvantage than any
active tone received from an associated node.

69. The apparatus of example 66 wherein the means
for establishing further comprises means for deter-
mining that the one or more active tones are received
from non-associated nodes.

70. The apparatus of example 63 further comprising
means for receiving from an associated node a wire-
less signal comprising an identity of the correspond-
ing group.

71. The apparatus of example 65 wherein identifying
an active tone as received from an associated node
is a function of one or more of a system time, a frame
index, a node identifier, and a link identifier.

72. The apparatus of example 65 wherein a pseudo-
random formula is used to identify an active tone as
received from an associated node.

73. The apparatus of example 63 wherein at least
two of the identified groups comprise one of: the
same number of tones and different numbers of
tones.

74. The apparatus of example 63 wherein a plurality
of active tones that correspond to a single group are
one of: all contiguous and not all contiguous.

75. The apparatus of example 63 further comprising
means for ordering the active tones within each
group.

76. The apparatus of claim 75 wherein a plurality of
active tones corresponding to one of the groups are
ordered according to a position of each active tone
within the corresponding group.
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77. The apparatus of example 76 wherein a plurality
of active tones corresponding to one of the groups
are ordered as a function of a number of the active
tones within the corresponding group.

78. An access terminal comprising:

a screen for providing a user interface;
one or more input keys for displaying symbols
on the screen;
a receiver configured to receive a plurality of
tones; and
a processing system configured to identify as
active tones the received tones that comprise a
measure of energy satisfying a condition, iden-
tify a group for each active tone, each group
comprising a weight, and determine a response
based on the weights of the active tones.

79. An access point comprising:

an antenna;
a receiver configured to receive a plurality of
tones on the antenna; and
a processing system configured to identify as
active tones the received tones that comprise a
measure of energy satisfying a condition, iden-
tify a group for each active tone, each group
comprising a weight, and determine a response
based on the weights of the active tones.

80. A computer-program product comprising a ma-
chine-readable medium comprising instructions ex-
ecutable by a machine for performing a method of
wireless communications, the instructions config-
ured when run to cause the machine to determine a
group of tones from a plurality of groups of tones,
select a tone in the group, and transmit a wireless
signal using the tone.

81. A computer-program product comprising a ma-
chine-readable medium comprising instructions ex-
ecutable by a machine for performing a method of
wireless communications, the instructions config-
ured when run to cause the machine to receive a
plurality of tones, identify as active tones the re-
ceived tones that comprise a measure of energy sat-
isfying a condition, identify a group for each active
tone, each group comprising a weight, and deter-
mine a response based on the weights of the active
tones.

Claims

1. A method of wireless communications comprising:

receiving a plurality of tones;

identifying as active tones the received tones
that comprise a measure of energy satisfying a
condition;
identifying a group for each active tone, each
group corresponding to a weight;
ordering the active tones within each group; and
determining a response based on the weights
of the active tones.

2. The method of claim 1 wherein the determining the
response further comprises establishing one or more
priority tones from the active tones based on the
weights.

3. The method of claim 2 wherein the response com-
prises one of:

(a) abstaining from transmitting for a time on a
frequency band over which the one or more pri-
ority tones are received; and
(b) transmitting a signal on the frequency band
at a power based in part on the measure of en-
ergy of the one or more priority tones.

4. The method of claim 2 wherein the determining the
response further comprises determining that the one
or more priority tones comprise a weight indicating
a greater degree of disadvantage than any active
tone received from an associated node.

5. The method of claim 2 wherein the establishing fur-
ther comprises determining that the one or more ac-
tive tones are received from non-associated nodes.

6. The method of claim 1 wherein a plurality of active
tones corresponding to one of the groups are or-
dered according to a position of each active tone
within the corresponding group.

7. The method of claim 1 wherein a plurality of active
tones corresponding to one of the groups are or-
dered as a function of a number of the active tones
within the corresponding group.

8. An apparatus for wireless communications compris-
ing:

means for receiving a plurality of tones;
means for identifying as active tones the re-
ceived tones that comprise a measure of energy
satisfying a condition;
means for identifying a group for each active
tone, each group comprising a weight; and
means for determining a response based on the
weights of the active tones.

9. The apparatus of claim 8 wherein the determining
the response further comprises establishing one or
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more priority tones from the active tones based on
the weights.

10. The apparatus of claim 9 wherein the response com-
prises one of:

(a) abstaining from transmitting for a time on a
frequency band over which the one or more pri-
ority tones are received; and
(b) transmitting a signal on the frequency band
at a power based in part on the measure of en-
ergy of the one or more priority tones.

11. The apparatus of claim 9 wherein the determining
the response further comprises determining that the
one or more priority tones comprise a weight indi-
cating a greater degree of disadvantage than any
active tone received from an associated node.

12. The apparatus of claim 8 further comprising means
for ordering the active tones within each group.

13. The apparatus of claim 12 wherein a plurality of ac-
tive tones corresponding to one of the groups are
ordered according to a position of each active tone
within the corresponding group.

14. The apparatus of claim 13 wherein a plurality of ac-
tive tones corresponding to one of the groups are
ordered as a function of a number of the active tones
within the corresponding group.

15. A computer-program product comprising a machine-
readable medium comprising instructions executa-
ble by a machine for performing a method of any of
the claims 1 to 7.
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